Summary: We designed a Java applet which enables the visualization of genetic networks and can be used as a Web publishing tool by molecular biologists studying the mechanisms of gene interactions.
A fundamental activity over the next two decades will involve the analysis of the integrated structure and behaviour of complex genetic networks. The genetic network can be considered as a complex feedback web of genes which turn each other on and off, and ultimately control the expression of structural genes as their final target (Kauffman, 1993; Somogyi and Sniegoski, 1996) . Analysis of the structure and behaviour of genetic networks will require the development of appropriate databases as well as new theories and algorithms in mathematics.
We developed the GeNet database (http://www. csa.ru/ Inst/gorb_dep/inbios/genet/genet.htm) as a hypertext database of genetic networks (Spirov and Samsonova, 1997) . Visualization and user interaction are the important tools and techniques which assist scientists in the analysis of data. To simplify the comprehension of the data contained in GeNet, it is necesary to develop a visualization tool for monitoring the interactions of genes. Such a tool could play the role of a graphical interface to GeNet, displaying the genetic networks and allowing the user to retrieve up-to-date information about interacting genes.
Hypertext Markup Language (HTML) (World Wide Web Consortium, 1996) , image maps and Common Gateway Interface (CGI) (National Center for Supercomputing Applications, 1995) are in common use in the WWW interfaces to on-line databases. With the emergence of Java language, developed by Sun Microsystems (Gosling and McGilton, 1995) , these static and bandwidth-consuming approaches can be substituted by platform-independent client-side interfaces, employing Java applets. Here, we describe a Java applet which serves genetic network maps and permits the user to query the GeNet interactively on the WWW. -The gene may be dragged to a new place. This is sometimes required for better visualization of links between genes in cases where the network is large.
-A given gene may be selected by clicking with the mouse. The regulators and target names now appear in menus accessible with the UP and DOWN buttons. These genes are linked to HTML files which contain the information about them. Thus, selection of the gene from the choice menu calls up the information about it, and moreover:
-If the selection is accompanied by pressing the Ctrl key, the information about the newly selected gene appears rapidly in a new browser window. The applet window remains.
-The user may select any group of genes (by sequentially clicking on these genes while pressing the Shift key). Subsequently, by pressing the PATH ONLY button, it is possible to leave only the selected genes in the window. In the case of large genetic networks, this option enables the user to examine a particular subnetwork of interest.
Genes_Graph is written in Java (JDK 1.02 and java.awt). The program consists of several Java bytecode classes, in particular java.applet.Applet and java.awt.panel. For the presentation of genes and their interactions, we have developed NODES and EDGES classes. The applet can be accessed through any WWW browser conforming to the Java standards. The source code is available at http://www.csa.ru/ Inst/ gorb_dep/inbios/genet/Graph/Graph.java Data presentation and display functionality are controlled by a data provider via parameters (applet tags) in the HTML file containing the applet. The applet takes a number of parameters following HTML 3.2 and Java applet tag specifications: EDGES, NODE, PATH_HTML_FILE and GROUP_NAME. The EDGES tag <param name=edges value= 'gene1-gene2/e,...'> specifies the genetic network. In each pair of genes, the first one is the regulator, the second gene is the target; e is +1 if the regulator activates the target and -1 otherwise.
The NODE parameter (tag) <param name=gene1 value='0,0,1,0,0,filename1'> defines the group to which the gene belongs, as well as the name of the *.html file which contains the information about the gene and will be opened if the selection is accompainied by pressing the Ctrl key. In our applet, genes can be assigned to five groups, and five integers (0 or 1), separated by commas, show to which groups the genes belong. Number 1 in the kth position means that the gene belongs to group k, otherwise the number in this position is 0.
The tag PATH_HTML_Files prescribe the directory in which applet finds the files with information about genes : <param name=Path_HTML_Files value= 'http://host/ path'>.
The tag GROUP_NAME <param name=Group5 value='GroupName5'> sets the names of checkboxes, which display or hide the groups of genes.
One can use Genes_Graph in any hypertext database in which information can be summarized and presented as an oriented graph. In addition, Genes_Graph can serve as a Web publishing tool for molecular biologists studying the mechanisms of gene interactions. To display the network on the WWW, one can compile the Genes_Graph source code and input the network parameters in the HTML file, containing the applet.
We are currently working on incorporation in the Genes_Graph of the option allowing the simulation and visualization of network dynamics in frame of different models. Another direction is the development of an application which will enable a user to construct interactively the genetic network of interest.
